19 sites and to revise diatom zones representing geologic ages for the dredged samples from the Bering Sea based on the build-up data concerning biostratigraphy, correlation and chronology in the far North Pacific (Table 1) .
Diatoms provide the primary biostratigraphic means for dating and correlating Neogene marine sediments in the subarctic North Pacific and Bering Sea. The fundamental framework of the diatom biostratigraphic zonation and datum levels in the region had been firstly constructed with the results from investigations on the drilling cores by DSDP Leg 19 and subsequent studies on the North Pacific diatom biostratigraphy had progressed (Koizumi, , 1973b (Koizumi, , 1975c . After two decades, the results by ODP Leg 145, which cored 25 holes at 7 sites in a west-to-east transect of the subarctic North Pacific (Rea, Basov, Scholl, and Allan, 1995) , made it possible to correlate the late early Miocene through Pliocene diatom datum levels directly to the magnetostratigraphies at Sites 881 to 884 and 887 (Barron and Gladenkov, 1995) . And the detailed magnetostratigraphic calibration for the early to middle Revised Diatom Stratigraphy of DSDP Leg 19 Table 1 . Station localities of Leg 19 sites (Creager, Scholl, et al., 1973) and of the dredge-samples given by Drs. J. Grow, D.M. Hopkins, and D.W. Scholl. (Koizumi et al., 2009 ). Ages of zonal boundary are indicated in parentheses. Magnetochronology of Cande and Kent (1995; CK 95 ) and the epoch boundaries of Berggren et al. (1995; BKSA 95) were used in this paper. D.: Denticulopsis, C.: Crucidenticula, R:: Rouxia, N.: Neodenticula, A.: Actinocyclus, P.: Proboschia. F.: first occurrence, FC: first common or consistent occurrence, LC: last common or consistent occurrence, L.: last occurrence. carbonate sedimentation peaks at 6.6 Ma and declines steadily from 5 Ma (Berger et al., 1993) . Event C at about 4.5 Ma occurs in the midst of the Thalassiosira oestrupii Zone at 5.5-3.5 Ma. Samples dredged from the Bering Sea were assigned to the interglacial interval from 4.5 to 2.4 Ma, and did not contain diatoms. A warmer paleotemperatures in the high latitudes and paleoceanographic changes which the shoaling of the Panama Isthmus caused obviously weakened diatom productivity in sub-boreal and boreal areas (Lagoe et al., 1993; Shackleton et al., 1995; Haug et al., 1995) . Warm-water species in the Azpeitia nodulifera group, on the other hand, diverged during the warm period 4.5-3.5 Ma (Shiono and Koizumi, 2002b) . Event D at 2.7 Ma is situated at the boundary between the Neodenticula koizumii-Neodenticula kamtschaticula Zone and the N. koizumii Zone. After 2.7 Ma, diatom accumulation rates declined abruptly and coincidently with a major increase in ice rafted detritus in the high latitudes of the North Pacific, showing the onset of Northern Hemisphere glaciation (Haug et al., 1995; Prueher and Rea, 1998) . not recognized. The Pliocene/Pleistocene boundary is situated at about 79 mbsf and the Miocene/Pliocene boundary at about 376 mbsf (Fig. 4) .
Fossil diatoms in the dredged samples from the Bering Sea have been reported twice, by Hanna (1929), and Baldauf and Barron (1987) . The geological ages are obscure because of the absence of the zonal marker diatoms which latest diatom biostratigraphy define. -B52-1D; 70-B55-2D2; 70-B55-2D3; 70-B56-3D1,   3D2 and 3D3; 70-B81-1D; 70-B92-3D2; 70-B101-1D; 70-B111-1D1 (Table 4) . These samples show zonal marker species constantly and sometimes in combination of several marker species, which are assigned to the zones above D. dimorpha Neodenticula kamtschatica Zone at 7. kamtschatica Zone at 3.9-2.6 Ma, and N. koizumii Zone at 2.6-2.0 Ma, were exclusively recognized in the dredged samples from the Bering Sea. These zones coincide with the major
I. Koizumi
Throughout the drill cores from all sites occupied by DSDP Leg 19, diatom frustules are scattered and corroded, or altered and partly dissolved in mudstone which underlie diatomaceous ooze. X-ray diffraction analysis was tentatively carried out for several mudstone samples .
The presence of cristobalite, which the opal frustules of diatom were transformed, was recognized in 190-16, CC at 627 mbsf.
The quartz was present below 191-12-1, 121cm at 526 mbsf, in the Japan Sea (Koizumi, 1992) . Onodera of Kochi University for their suggestions for improvement that helped to make this a better paper.
All taxa used in this paper are documented. They are arranged alphabetically. The taxa which are treated in Hustedt (1927-1933, 1937, 1958) are referred directly to Hustedt (op. 1) Actinocyclus curvatulus Janisch in Schmidt, 1878; Koizumi, 1973a, p. 831, pl. 5, figs. 1-6; Sancetta, 1982, p. 222, pl. 1, figs. 1-3 = Actinocyclus divisus (Grunow) Hustedt, 1958; Koizumi, 1973a, p. 831, pl. 1, figs. 7-12. 2) Actinocyclus ingens Rattray, 1890, p. 149, pl. 11, fig. 7 ; Koizumi, 1973a, p. 831, pl. l, fig. 13 . [Plate, Figure 21] 3) Actinocyclus ingens var. fig. 298 ; Koizumi, 1973b, pl. 20, fig. 11. 6 ) Actinocyclus oculatus Jousé, 1968, p. 18, pl. 2, figs. 6-7; Koizumi, 1973a, pl. 2, figs. 8-9 . [Plate, Figure 14] fig. 16 ; Hanna, 1970, p. 180, fig. 90; Koizumi, 1980, pl fig. 278 ; Sancetta, 1982, p. 226, pl. 1, fig. 10 ; Koizumi, 1986, pl. 3 4a-b. Ehrenberg, 1938; Hustedt, 1933, p. 337, fig. 790 ; Sheshukova-Poretzkaya, 1967, p. 264, pl. 44, fig. 7 . Brun, 1891, p. 19, pl. 18, fig. 2; Kanaya, 1959, p. 110, pl. 10, fig. 6; Sheshukova-Poretzkaya, 1967, p. 271, pl. 45, figs. 3a-b (non fig. 3c ). Greville, 1866; Kanaya, 1959, p. 75, pl. 3, figs. 6-7. 23) Coscinodiscus marginatus Ehrenberg, 1843; Cupp, 1943, p. 55, fig. 19 ; Sancetta, 1982, p. 228-229, pl. 2, fig. 10 ; Koizumi, 1986, pl. 3 Mann, 1907, p. 257, pl. 48, fig. 3 ; Hanna, 1970, p. 185, figs. 12, 19-20, 23; Koizumi, 1973a, p. 832, pl. [Plate, Figure 9] 39) Denticulopsis katayamae Maruyama, 1984, p. 158, pl. 12, figs. 1a-6, pl. 17, figs. 1-13, 15-16, 18-23, Koizumi and Tanimura, 1985, pl. 1, figs. 5-6; Akiba and Yanagisawa, 1986, p. 489, pl. 17, figs. 1-3, 6, pl. 19, figs. 6-9, pl. 20, figs. 1, 4-5, 7; Akiba, 1990, p. 245, pl. 3, figs. 12-13, 28, pl. 11, fig. 4 = Denticula hustedtii Simonsen and Kanaya, 1961; Koizumi, 1973a, pl. 5, figs. 18-23. [Plate, Figure 11] 40) Denticulopsis lauta (Bailey) Simonsen, 1979; Akiba and Yanagisawa, 1986, p. 489, pl. 7, fig. 29, pl. 9, figs. 2-9; Koizumi and Matoba, 1989, pl. 1, fig. 5; Yanagisawa and Akiba, 1990, p. 235, pl. 2, figs. 6-8, 15, pl. 5, figs. 1-3, pl. 9, fig. 1 . Akiba, 1982, p. 46, pl. 11, figs. 9a-16, 18-27b; Koizumi and Tanimura, 1985, pl. 1, fig. 2 ; Akiba and Yanagisawa, 1986, p. 489, pl. 13, figs. 1-28, pl. 14, figs. 1-12; Yanagisawa and Akiba, 1990, p. 249, pl. 4, figs. 1-24, 34-35, pl. 5, figs. 4-12, pl. 7, figs. 5-13, pl. 12, figs. 9-14. 42) Denticulopsis praehyalina Tanimura, 1989, p. 172, pl. 1, figs. 1-4, 6-9b, pl. 2, figs. 1-3b, 5-7; emend Yanagisawa and Akiba, 1990, p. 239, pl. 2, figs. 28-32, pl. 9, figs. 5-7. [Plate, Figure 6 ] 43) Denticulopsis praekatayamae Yanagisawa and Akiba, 1990, p. 244, pl. 3, figs. 9-11, 20, pl. 11, figs. 3, 14-16. [Plate, Figure 7 Koizumi and Tanimura, 1985, pl. 1, figs. 7-8. [Plate, Figure 10] 46) Diploneis smithii (Brébisson) Cleve, 1894; Hustedt, 1937 Hustedt, , p. 647, fig. 1051 Hendey, 1964, p. 225, pl. 32, fig. 32 . Castracane, 1886; Hustedt, 1958, p. 136, pl. 5, figs. 40-43; Sheshukova-Poretzkaya, 1967, p. 209, pl. 34, figs. 2a-d. 48 ) Fragilariopsis cylindrus (Grunow) Helmck and Krieger, 1954; Hustedt, 1958, p. 162, figs. 145-146; Hasle, 1965, p. 34, pl. 12, figs. 6-12; Koizumi, 1973a, p. 832, pl. 7 , figs. 1-2 = Nitzschia cylindra (Grunow) Hasle, 1972; Sancetta, 1982, p. 232, pl. 3, figs. 6-7. 49) Fragilariopsis oceanica (Cleve) Hasle, 1965, p. 11, pl. 1, figs. 15-19, pl. 2, figs. 6-9, pl. 3, figs. 1-2, pl. 16 , figs. 1-2 = Nitzschia grunowii Hasle, 1972; Sancetta, 1982, p. 233, pl. 3, figs. 8-10; Koizumi and Tanimura, 1985, pl. 3, figs. 5-6;  Nitzschia extincta Kozyrenko and Sheshuk. in SheshukovaPoretzkaya, 1967; Koizumi, 1972, p. 351, pl. 42, figs. 10a-11b; Koizumi, 1973b, pl. 20, figs. 16-17. 50 ) Goniothecium tenue Brun, 1894; Sheshukova-Poretzkaya, 1967, p. 232, pl. 39, figs. 6a-b, pl. 40, figs. 5a-b; Koizumi, 1973a, p. 833, pl. 7, figs. 7-9. 51) Hemiaulus ambiguus Grunow, 1884 , Hustedt, 1930 . 520. Wallich, 1860; Hustedt, 1930, p. 904, fig. 542 ; Koizumi, 1975a, pl. 4, fig. 2 . Sheshuk. 1962 , SheshukovaPoretzkaya, 1962 Sheshukova-Poretzkaya, 1967, p. 236, pl. 40, figs. 6a-c, pl. 41, figs. 5a-c; Koizumi, 1973a, p. 833, pl. 7, figs. 3-4. 54) Lithodesmium undulatum Ehrenberg, 1840; Hustedt, 1930, p. 789, fig. 461 ; Cupp, 1943, p. 150, fig. 108 ; Hanna, 1970, p. 190 Yanagisawa and Akiba, 1990, p. 259, pl. 7, figs. 27-37 = Denticulopsis kamtschatica (Zabelina) Simonsen, 1979; Koizumi and Tanimura, 1985, pl. 6, fig. 7 ; Denticula kamtschatica Zabelina, 1934; Koizumi, 1973a, p. 832, figs. 14-17. [Plate, Figure 4] 58) Neodenticula koizumii Akiba and Yanagisawa, 1986, p. 491, pl. 21, figs. 22-28, pl. 23, figs. 1-12, pl. 24, fig. 19; Akiba, 1990, p. 262, pl. 7, figs. 389-44 = Denticula seminae Simonsen and Kanaya, 1961; Koizumi, 1973a, p. 832, pl. 5, figs. 7-13 . [Plate, Figure 5] 59) Neodenticula seminae (Simonsen and Kanaya) Akiba and Yanagisawa, 1986, p. 491, pl. 24, figs. 1-11, pl. 26, figs. 1-10; Yanagisawa and Akiba, 1990, p. 263, pl. 7, figs. 45-49 = Denticula seminae Simonsen and Kanaya, 1961; Koizumi, 1973a, p. 832, pl. 5, figs. 1-6 (non figs. 7-13) .
20) Cocconeis scutellum

21) Cocconeis vitrea
22) Coscinodiscus elegans
26) Coscinodiscus pustulatus
41) Denticulopsis praedimorpha Barron in
47) Eucampia balaustium
52) Hemidiscus cuneiformis
53) Kisseleviella carina
[Plate, Figure 2] 60) Nitzschia challengeri Schrader, 1973, p. 707, pl. 5, figs. 10-14, 34. 61) Nitzschia jouseae Burckle, 1972, p. 240, pl. 2, figs. 17-20; Schrader, 1973, pl. 4, figs. 20-23; Koizumi, 1980, pl. Koizumi, 1972, p. 351, pl. 42, figs. 16a-c; Koizumi and Kanaya, 1976, p. 155, pl. 1, figs. 15-18. 63) Nitzschia rolandii Schrader, 1973, p. 708, pl. 5, figs. 31, 42, pl. 26, figs. 3-4; Akiba, 1990, p. 258, pl. 7, figs. 17-26 = Nizschia rolandii Schrader emend. Koizumi, 1980, p. 396, pl. 2, figs. 15-20; Akiba and Yanagisawa, 1986, pl. 21, figs. 1-6 . [Plate, Figure 3] 64) Nitzschia suikoensis Koizumi, 1980, p. 394, pl. 1, figs. 1-6. 65) Odontella aurita (Lyngbye) Agardh, 1830; Sancetta, 1982, p. 234, pl. 3, figs. 11-12; Koizumi, 1986, pl. 3, fig. 2. 66 ) Paralia clavigera (Grunow) Koizumi, 1992 = Melosira clavigera Grunow in Van Heurck, 1882 Hanna, 1970, p. 190, figs. 52, 54. 67) Paralia sulcata (Ehrenberg) Cleve, 1873; Sancetta, 1982, p. 235, pl. 3, figs. 13-15. 68) Paralia westii (W. Smith) Koizumi n. comb. = Melosira westii W. Smith, 1856; Hustedt, 1927, p. 268, fig. 113. 69 ) Porosira glacialis (Grunow) Jørgensen, 1905; Koizumi, 1973a, p. 833, pl. 4, figs. 15-18; Sancetta, 1982, p. 235, pl. 3, figs. 16-18. 70) Proboscia alata (Brightwell) Sundström, 1986; Jordan et al., 1991, p. 65, figs. 1-9; Takahashi et al., 1994, p. 413, figs. 2-7. 71) Proboscia barboi (Brun) Jordan and Priddle, 1991, p. 56, figs. 1-2; Akiba and Yanagisawa, 1986, p. 497, pl. 42, figs. 3-5, 7, 10-11, pl. 44, figs, 1-8. 72 ) Proboscia curvirostris (Jousé) Jordan and Priddle, 1991, p. 57, figs. 5-7; Yanagisawa, 1986, p. 297, pl. 42, figs. 1-2, pl. 45, figs. 1-6 = Rhizosolenia curvirostris Jousé, 1968; Koizumi, 1973a, pl. 5, figs. 29-33. [Plate, Figure 13] 73) Proboscia praebarboi (Schrader) Jordan and Priddle, 1991, p. 57, figs. 8-9; Akiba and Yanagisawa, 1986, p. 497, pl. 42, figs. 8-9, pl. 43, figs. 1-9. 74) Pseudoeunotia elegans Sheshuk. 1964 , SheshukovaPoretzkaya, 1964 SheshukovaPoretzkaya, 1967, p. 178, pl. 24, fig. 3, pl. 25, fig. 4 ; Koizumi, 1973a, pl. 4, fig. 14; Sancetta, 1982, p. 236, pl. 4, figs. 1-2. 75) Pterotheca kittoniana (Grunow) Forti var. kamtschatica Gaponov, 1927; Sheshukova-Poretzkaya, 1967, p. 229, pl. 39, figs. 3a-f. 76 ) Pterotheca subulata Grunow in Van Heurck, 1880 -1881 Sheshukova-Poretzkaya, 1967, p. 230, pl. 39, fig. 4, pl. 40, fig. 3. 77 ) Rhabdonema arcuatum (Lyngbye) Kützing, 1844; Hustedt, 1931, p. 20-22, fig. 549-550; Hendey, 1964, p. 279, pl. 35, figs. 10-12. 78) Rhabdonema japonicum Temp. and Brun in Brun and Tempère, 1889, p. 53, pl. 1, fig. 6; Sheshukova-Poretzkaya, 1967, p. 258, pl. 43, fig. 14, pl. 44, figs. 1a-d; Hanna, 1970, p. 192, figs. 47, 92-93, 95 . Ehrenberg, 1844; Hustedt, 1931, p. 174-176, fig. 680; Hendey, 1964, p. 154, pl. 26, figs. 1-4; Hanna, 1970, p. 192, figs. 29, 55-56. 80 ) Rhizosolenia hebetata (Bailey) Gran, 1904; Hustedt, 1929, p. 588, fig. 337 ; Koizumi, 1973a, pl. 5, figs. 34-35; Sancetta, 1982, p. 237, pl. 4 , figs. 5-6 = Rhizosolenia sp. a, Koizumi, 1973a, p. 833, pl. 5, fig. 39 ; Rhizosolenia sp. c, Koizumi, 1973a, p. 833, pl. 5, figs. 37-38 ; Rhizosolenia sp.
79) Rhaphoneis amphiceros
e, Koizumi, 1973a, p. 833, pl. 5, fig. 39 . Schrader, 1973, p. 709, pl. 10, figs. 2-6; Koizumi and Matoba, 1989, pl. 1, fig. 9 = Rhizosolenia sp. 2, Koizumi, 1973a, p. 833, pl. 5, figs. 40-41. 82) Rhizosolenia styliformis Brightwell, 1858; Hustedt, 1929, p. 584, fig. 333-335; Koizumi, 1975a, pl. 1, fig. 33 ; Sancetta, 1982, p. 238, pl. 4, figs. 7-8. 83 ) Rouxia californica Peragallo in Tempère and Peragallo, 1910; Hanna, 1930, p. 186, pl. 14, figs. 6-7; Schrader, 1973, p. 710, pl. 3, figs. 18-20, 22 , 26 = Rouxia peragalli Brun and Herib. forma californica (Perag.) Shehsuk. 1967 Koizumi, 1973a, p. 833, pl. 7, fig. 11 . [Plate, Figure 19] 84) Rouxia naviculoides Schrader, 1973, p. 710, pl. fig. 4 .
81) Rhizosolenia miocenica
88)
Stephanopyxis horridus Koizumi, 1972, p. 348, pl. 42, figs. 1a-2b; , pl. 6, figs. 1-4 = Stephanopyxis schenckii Kanaya, 1959 Koizumi, 1973a, pl. 6, figs. 11-12. 89) Stephanopyxis inermis Jousé, 1961, p. 60, pl. 1, fig. 2, pl. 3, figs. 1-2; Sheshukova-Poretzkaya, 1967, p. 135, pl. 11, figs. 5a-b; Koizumi, 1973a, p. 833, pl. 6, figs. 5-10. 90) Stephanopyxis turris (Grev. and Arn.) Ralfs, in Pritchard, 1861; Hustedt, 1928, p. 304, fig. 140 ; Koizumi, 1973a, p. 833, pl. 6, figs. 13-16; Sancetta, 1982, p. 238, pl. 4, figs. 9-10. 91) Synedra kamtschatica Grunow, 1862; Hustedt, 1927, p. 214, figs. 708. Sheshuk. 1962 , Sheshukova-Poretzkaya, 1962 Sheshukova-Poretzkaya, 1967, p. 245, pl. 42, figs. 4a-b, pl. 43, figs. 12a-b; Koizumi, 1973a, p. 833, pl. 6, fig. 17 . [Plate, Figure 1] 93) Thalassionema hirosakiensis (Kanaya) Schrader, 1973, p. 711, pl. 23, figs. 31-33; Akiba, 1982, p. 49, figs. 1-5. [Plate, Figure 17] 94) Thalassionema nitzschioides Grunow, 1881; Hustedt, 1932, p. 244, fig. 725; Hanna, 1970, p. 194, fig. 37 ; Koizumi, 1975a, pl. 1, figs. 50-51; Sancetta, 1982, p. 239, pl. 4, figs. 11-13. Akiba, 1982, p. 50, figs. 6-11; Koizumi and Tanimura, 1985, pl.; 1, fig. 14.
92) Synedra jouseana
95) Thalassionema schraderi
[Plate, Figure 18] 96) Thalassiosira antiqua (Grunow) Cleve-Euler, 1951, p. 72, fig. 119a ; Koizumi, 1973a, p. 834, pl. 7, fig. 12. 97) Thalassiosira baltica (Grunow) Ostenfeld, 1901; Hustedt, 1928, p. 328, fig. 164; Hasle, 1978, p. 266, figs. 5-11. 98 ) Thalassiosira borealis Koizumi, 1980, p. 395, pl. 1, figs. 7-10; Tanimura, 1985, pl. 4, fig. 8 = Thalassiosira decipiens (Grunow) Jørgensen, 1905; Koizumi, 1973a, p. 834, pl. 7, figs. 16-18. 99) Thalassiosira convexa Mukhina, 1965, p. 22, pl. 11, figs. 1-2; Koizumi, 1973a, pl. 7, figs. 13-15. 100) Thalassiosisra decipiens (Grunow) Jørgensen, 1905; Hustedt, 1928, p. 322, fig. 158; Sheshukova-Poretzkaya, 1967, p. 141, pl. 14, fig. 2 ; Hasle, 1979, p. 88-92, pl. 3, figs. 14-16, pl. 4, figs. 20-25, pl. 5, figs. 26-29, pl. 6, figs. 30, 33-34, pl. 7, fig. 35; Sancetta, 1982, p. 241-242, pl. 5 fig. 161 ; Koizumi, 1973a, p. 834, pl. 7, figs. 19-21 = Thalassiosira gravida forma fossilis Sheshukova-Poretzkaya, 1967, p. 147, pl. 15, figs. 1a-c; Koizumi, 1973a, pl. 7, figs. 22-24 ; Thalassiosira antarctica Comber; Sancetta, 1982, p. 240, pl. 4, figs. 14-15. 103) Thalassiosira hyaline (Grunow) Gran, 1897; Koizumi, 1973a, p. 834, pl. 8, figs. 1-2; Sancetta, 1982, p. 242, pl. 5, figs. 4-5. 104) Thalassiosira jacksonii Koizumi and Barron in Koizumi, 1980, p. 396, pl. 1, figs. 11-14 . [Plate, Figure 20] related with paleoceanography in the northwest Pacific.
